**(See the Editorial Commentary by Tamma and Cosgrove on pages 682--4.)**

Rising levels of antimicrobial resistance (AMR) pose serious dangers to patients, population health, food security, and economic stability worldwide \[[@CIT0001]\]. In response to this threat, the United Nations and the World Health Organization (WHO) have called for multisectoral, multidisciplinary action, recognizing that human, animal, and environmental health are interdependent \[[@CIT0001]\]. The WHO Global AMR Action Plan and many national AMR action plans further underscore the need for multisector stakeholder cooperation, including governments, agriculture, healthcare providers, and the pharmaceutical industry. Although the pharmaceutical industry clearly has a leading role in developing novel antimicrobials and vaccines, it is also active in many areas supporting antimicrobial stewardship (AMS). Some companies have publicly committed to tackle AMR by promoting responsible antimicrobial usage \[[@CIT0002], [@CIT0003]\]. Here we describe why pharmaceutical companies invest in AMS, outline why they are well suited to help address this issue, and provide examples of how the pharmaceutical industry can support the responsible use of antimicrobials, using as an example, Merck & Co., Inc. (Kenilworth, NJ, USA; known as MSD outside the USA and Canada), a large, globally operating pharmaceutical company that develops and markets both human and veterinary antimicrobials and vaccines \[[@CIT0002]\].

WHY DO PHARMACEUTICAL COMPANIES INVEST IN AMS? {#s1}
==============================================

First and foremost, AMS is essential to improving patient outcomes and quality of care. Companies operating in the infectious diseases space have a social responsibility to support such stewardship. Although it may seem that companies' commercial objectives could undermine responsible use of novel antibiotics, in fact AMS is an example of where "doing well" and "doing good" are not mutually exclusive. Supporting AMS presents opportunities to collaborate with key stakeholders on a public health priority to develop and deliver solutions that benefit both population health as well as commercial viability in 4 ways. One, improved surveillance and greater awareness about regional/local resistance patterns and the impact of AMR enables healthcare providers to recognize patient populations in whom specific antimicrobials are needed---this, in turn, can facilitate patient access to appropriate novel antimicrobials. Two, responsible use of novel antimicrobials, which leads to optimized patient outcomes, can foster advocacy for effective products among healthcare providers. Three, industry efforts to reduce inappropriate use of antimicrobials have the potential to slow the development of AMR and prolong the commercial lifespan of currently available antimicrobials. Four, AMS may help protect the long-term viability of product portfolios in other therapeutic areas. For example, drug-resistant infections in high-risk patients, such as oncology, diabetic, or surgical patients, may negatively impact treatment outcomes for these patients' underlying conditions. Ultimately, strong investments in AMS should be part of the license to operate for companies active in the infectious diseases space.

WHAT MAKES PHARMACEUTICAL COMPANIES WELL SUITED TO SUPPORT AMS? {#s2}
===============================================================

Effective AMS relies on understanding human behavior, identifying areas of unmet need, communicating effectively, building advocacy, evaluating the most effective strategies and disseminating information on those strategies, and working as a team. Pharmaceutical companies, particularly large, global organizations, possess various capabilities consistent with these required skills. Specifically, such companies tend to have (*a*) employees with broad, multidisciplinary experience, including clinical practice, pharmacoeconomics, epidemiology, health literacy, communications, consumer behavior, market research and analytics, and marketing; (*b*) the ability to leverage various information-sharing platforms; (*c*) a broad customer network to facilitate sharing of best practices and how to overcome barriers; (*d*) a worldwide network of institutions with the necessary infrastructure for conducting clinical studies and surveillance; and (*e*) a global perspective coupled with an understanding of local needs. Although pharmaceutical companies do not have primary responsibility for the successful implementation of AMS programs, the skill sets found within pharmaceutical companies can effectively complement those of other stakeholders in multisector AMS collaborations.

WHAT SPECIFIC ACTIONS CAN PHARMACEUTICAL COMPANIES TAKE TO SUPPORT AMS? {#s3}
=======================================================================

To describe the range of potential AMS activities, Merck & Co., Inc. can serve as an illustrative case study. The foundation of Merck & Co., Inc.'s overall AMS strategy is a One Health approach, that is, working with stakeholders in human health, animal health, and environmental sciences to achieve the best health outcomes for people, animals, and the environment \[[@CIT0002]\]. Informed by this One Health perspective and underpinned by advocacy for policy solutions to address the global challenges limiting development of and access to new antibiotics, vaccines, and diagnostics needed to address AMR, Merck & Co., Inc. is active in AMS awareness and education, surveillance and research, implementation, and advocacy ([Table 1](#T1){ref-type="table"}). Notable examples of this work include:

###### 

List of Potential Antimicrobial Stewardship Activities That Can be Supported by Pharmaceutical Industry, Using as a Case Study Merck & Co., Inc. (Kenilworth, NJ, USA), a Large, Multinational Company Marketing Antimicrobials and Vaccines for Human and Veterinary Use

  Type of Activity                                                                  Example
  --------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **AMS awareness and education**                                                   
  AMS research methodology training                                                 Independent educational grant for development of an annual conference focused on research methodology training and best-practice sharing for AMS clinicians, which was convened by the Society for Healthcare Epidemiology of America AMS each year from 2016 to 2018.
  Online AMS resources                                                              Independent grant for the Center for Infectious Disease Research and Policy's Antimicrobial Stewardship Project, a multifunctional, online AMS resource providing comprehensive, high-quality information and interactive discussion. This content-rich website is designed to engage a diverse, international audience and includes a broad range of AMS-related topics, such as clinical practice, infection control/prevention, diagnostics, policy/legislation, research, public health, and veterinary medicine \[[@CIT0009]\].
  Patient engagement                                                                Independent grant for George Washington University in collaboration with the Urgent Care Association of America to develop and implement an educational campaign to improve AMR and AMS health literacy and maintain or improve patient satisfaction in the urgent care clinic setting \[[@CIT0010]\].
  Patient advocacy                                                                  Financial support to the Peggy Lillis Foundation \[[@CIT0011]\]. Additionally, health literacy expertise was utilized to redesign an educational brochure on *Clostridioides difficile* infection for the Foundation \[[@CIT0012]\].
  Veterinary educational campaigns                                                  Program ("Time to Vaccinate") that advises farmers how to keep ruminant herds healthy and productive by increasing immunity against various pathogens through vaccination and improved housing, hygiene, and nutrition; fewer outbreaks of livestock infectious diseases help reduce the need for antimicrobial use in agriculture.
  Raise awareness in the private sector                                             Signatory to the Global Chief Medical Officer's Network pledge on AMR, which states that each signatory company commits to promoting AMS among their employees, including employee education and tracking and reporting the company's AMS initiatives \[[@CIT0013]\].
  Promotional practices                                                             \(1\) Training on AMS principles for sales representatives and all other relevant field staff (in both human and animal health), in order to encourage responsible use of antimicrobials. (2) Pilot program in which field sales representatives' performance incentives are not based on antimicrobial sales volume.(3) Regular assessment of all promotional materials to ensure they encourage responsible use of antimicrobial agents; this assessment utilizes a stewardship framework referred to as the "Star of Stewardship" \[[@CIT0014]\].
  **AMR surveillance and AMS research**                                             
  Global surveillance programs                                                      SMART global surveillance program, in which isolates from various bacterial infection types are collected and tested at a central laboratory for susceptibility to the company's antibacterial agents, as well as to other, widely used agents.
  Local surveillance programs                                                       Generation of local susceptibility data, including technical assistance with the evaluation of local epidemiology and antibiogram development.
  Animal health surveillance                                                        Commercial surveillance partnership with Kansas State University for monitoring multidrug-resistant bacteria across the live animal, beef, and dairy production chain.
  Investigator-initiated AMS research                                               Investigator-initiated research studies around the world, with specific areas of interest related to AMS, which are defined and released every year \[[@CIT0015]\].
  Funding not-for-profit vaccine research                                           Joint-venture partnership with the Wellcome Trust to fund and support Hilleman Laboratories, a not-for-profit organization aiming to create new vaccines and improved vaccine technology for diseases predominantly affecting low-income countries \[[@CIT0016]\].
  **AMS implementation**                                                            
  Reduce environmental impact from production of antibiotics                        Commitment of \$100 million to a water-infrastructure improvement initiative to install active pharmaceutical ingredient-treatment technology at all antibiotic manufacturing facilities.
  Facilitate patient-centered AMS program implementation in acute care hospitals    \(1\) Support a collaborative project with the U.S. CDC and the Duke Antimicrobial Stewardship Outreach Network to develop practical and meaningful safety outcome measures for hospital AMS programs and to provide a publicly available guide to help hospitals collect and report such outcomes \[[@CIT0017]\]. (2) Support the *Antibiotic Stewardship in Acute Care Playbook*, published by the National Quality Forum; this is a manual providing practical guidance for acute care facilities on how to implement the U.S. CDC's core elements of hospital AMS programs \[[@CIT0018]\]. (3) Serve as a knowledge, resource, and/or logistics partner to hospitals outside the United States to assist with antibiogram and clinical pathway development, education of providers, and monitoring outcomes \[[@CIT0019]\]. (4) Establish AMS Centers of Excellence via partnerships with various organizations, whereby the partner organization serves as a central hub within their region to provide training for and assistance with hospital AMS program implementation \[[@CIT0006], [@CIT0007]\].
  Support for development and implementation of national AMR and AMS action plans   \(1\) Independent grant to the Center for Disease Dynamics, Economics, and Policy's Global Antibiotic Resistance Partnership to develop actionable, country-level AMR plans for low- and middle-income countries \[[@CIT0020]\]. (2) Independent grant to the Pan-American Health Organization and Florida International University to develop regional AMS guidelines for Latin America and the Caribbean, resulting in a subsequent guideline publication \[[@CIT0021]\].
  Decision support tools                                                            \(1\) Commercially available technology, through a subsidiary, designed to help health systems address the unique challenges of infectious diseases, with the goals of helping hospitals accelerate patient access to appropriate interventions, efficiently track prescribing and patient outcomes, and communicate within the hospital workflow \[[@CIT0022]\]. (2) "Poultry Convenience" program provides veterinarians and farmers with technical support and expertise to help protect poultry against major respiratory and immune diseases, including a component on achieving optimal animal vaccination and welfare standards. (3) A web- and mobile phone app-based management system that helps individual farms reduce the impact of the porcine reproductive and respiratory syndrome disease complex through appropriate control and prevention strategies, with a focus on optimizing vaccination. (4) "BeSecure" program improves internal and external biosecurity, thus reducing pathogen entry into and circulation within farms.
  Improved diagnostics                                                              \(1\) Collaboration with OpGen to create diagnostic tests that can rapidly detect resistant infections and build a genomic knowledge base of antibiotic-resistant pathogens for predicting antibiotic susceptibility \[[@CIT0023]\]. (2) Collaborations with antimicrobial susceptibility testing device manufacturers to expedite the inclusion of novel antibacterial agents on susceptibility testing panels. (3) Animal health division markets a stethoscope system that assists in a more accurate diagnosis of bovine respiratory disease, thus helping determine which animals require antibacterial treatment.
  **AMS advocacy**                                                                  
  Initiatives to advance policy supportive of AMS                                   Advocacy with infectious disease societies, patient groups, industry, and other partners to advance reimbursement reform proposals that enable appropriate patient access to novel antibiotics, including the DISARM Act in the United States and the Novel Antibiotic Subscription Model in the United Kingdom.
  Initiatives to improve manufacturing practices                                    \(1\) Work to broaden adoption of the "Common Antibiotic Manufacturing Framework" across the industry \[[@CIT0024]\]. (2) Work with third parties across the manufacturing and supply chain to ensure good practices for eliminating antibiotic discharge.

Abbreviations: AMR, antimicrobial resistance; AMS, antimicrobial stewardship; CDC, Centers for Disease Control and Prevention; SMART, Study for Monitoring Antimicrobial Resistance Trends.

-   *Awareness and education:* The Merck Animal Health "Time to vaccinate" program is an initiative intended to accelerate the transition to vaccination becoming a more widely adopted preventative measure on farms as an immune health driver \[[@CIT0004]\]. The educational resources, with content tailored to participating countries, advise farmers how to keep ruminant herds healthy and productive by increasing immunity against various pathogens through vaccination and improved housing, hygiene, and nutrition. The program intends to reduce outbreaks of livestock infectious diseases, therefore reducing the need for antimicrobial use in agriculture.

-   *Surveillance and research:* Merck & Co., Inc. supports the Study for Monitoring Antimicrobial Resistance Trends (SMART), in which certain isolates from urinary tract, intra-abdominal, blood stream, and respiratory tract infections are collected and tested at a central laboratory for susceptibility to the company's and numerous other, widely used antibacterial agents; isolates resistant to the tested antibiotic agents are molecularly characterized to provide comprehensive molecular epidemiology \[[@CIT0005]\]. In an additional collaboration, Merck & Co., Inc. provides access to its archive of over 200 000 bacterial isolates gathered in the SMART program to its partner company OpGen, with the goals of building a genomic knowledge base of antibiotic-resistant pathogens and subsequently developing rapid DNA tests for predicting antibiotic susceptibility. Other pharmaceutical companies fund their own global surveillance studies, such as Pfizer's ATLAS and the long-standing SENTRY Antimicrobial Surveillance Program supported by several industry sources. These programs are useful for identifying resistance trends over time, alerting the healthcare community to emerging resistance, and informing treatment decisions based on local/regional epidemiology.

-   *Implementation:* Merck & Co., Inc. also collaborates with hospitals around the world to support development and implementation of patient-centered, product-agnostic AMS programs. This initiative began in 2008 in India but has since expanded to over 1100 hospitals in 28 countries. One approach is to work directly with individual institutions to provide education and resources in order to help them develop antibiograms, clinical pathways, and other components of AMS programs. Another approach is to work with a partner organization to establish a regional AMS Center of Excellence, which then provides AMS implementation support to institutions across the specific region. Recently published data from a partnership with the independent, nonprofit research institute CIDEIM show that the establishment of such regional centers results in improved adherence to antibiotic prescribing guidelines, reduced resistance rates, and healthcare cost savings \[[@CIT0006], [@CIT0007]\]. So far as part of this initiative, more than 10 000 healthcare providers have been trained by company-employed medical science liaisons (MSLs) and/or external scientific experts, and over 500 locally tailored clinical treatment pathways have been implemented.

-   *Advocacy:* Through the AMR Industry Alliance, Merck & Co., Inc. is actively advocating to broaden adoption of the Common Antibiotic Manufacturing Framework; this is a set of minimum environmental expectations for antibiotic manufacturers, based on science-driven, risk-based target concentrations for managing antibiotic discharge from manufacturing operations \[[@CIT0008]\]. Merck & Co., Inc. itself is investing heavily into installation of active pharmaceutical ingredient-treatment technology at antibiotic manufacturing facilities. Furthermore, the company is working with third parties across the manufacturing and supply chain to ensure good practices for eliminating antibiotic discharge.

Tackling the worldwide threat of AMR \[[@CIT0001]\] will require action by a wide range of actors. Additional research is needed to evaluate the impact of industry-supported AMS efforts, particularly AMS education, patient engagement/advocacy, and novel reimbursement and sales incentive models, on outcomes and prescribing patterns. As illustrated by this case study, the pharmaceutical industry is well positioned to play a part in the global response---not only through drug and vaccine development but also through taking tangible action to support responsible antimicrobial use.
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